there would generally be no convection upward of the dense saline water toward the sea—although upward transport could still occur (in principle) in the case of a pressurized aquifer, as in a large-scale Artesian well.
If the material to be disposed of generated substantial quantities of heat (as is the case with HLW and spent fuel), the decrease in density resulting from the warming of the surrounding water could lead to upward convection in the absence of such saline water, though it would still not rise through a major salinity gradient. This, however, is not relevant for the disposal of plutoniurn.
It is important to note that sorption of plutonium to the small particles in the clay or bentonite used to seal the borehole would provide another major barrier to its emergence. The effect is dramatic: the rate of diffusion through a material that is sorbing the plutonium is reduced by a factor known as the "distribution coefficient," Kd, which for bentonite might be factor of roughly 100,000.7 In reality, however, the rate at which plutonium reaches the surface will be affected by the less effective and less readily analyzed sorption of plutonium on the particles in the small faults in the granite. But some preliminary estimates of the flow of water and plutonium through a partially sealed well can be made.
Assume, for example, an upflow in the hole of 1 cubic meter of water per year. Solubility of plutonium in analyses of repositories is often given as 10"3 grams per cubic meter; so if the water were fully saturated with plutonium, 10"3 grams would come to the surface each year. As described in the discussion of ocean dilution below, new U.S. regulations will enter into effect on January 1, 1994, limiting the allowable plutonium concentration in water to which mem-
o
bers of the public might be exposed to 2 x 10" curies per cubic meter. To meet that standard, each gram of plutonium would have to be diluted in 4 x 10 cubic meters of water. This standard would be satisfied by diluting the plutonium-saturated effluent assumed above with about 4,000 cubic meters of rainwater per year, which falls, on average, over an area of about 0.008 square kilometers (about 2 acres).
In reality, two factors would reduce the amount of plutonium transported to the surface still further: first, it will take water itself some 1,000 years or more to move to the surface in the well at the assumed flow rate. Second, and more important, most of the plutonium would be sorbed to the bentonite and other materials in the hole; the ultimate plutonium transport rate of 10" grams per year would be achieved only after the 2,000-cubic-meter bentonite column was loaded with plutonium. If plutonium is sorbed to the material used to plug the well with a distribution coefficient of 105 (the ratio between mass sorbed per cubic meter and plutonium concentration in the pore water), then even at the
7 For more on sorption and the distribution coefficient, see the discussion of sub-seabed disposal, the chemical environment common in granite in Sweden (a reducing, rather than an oxidizing, environment), though it would not be suitable, for example, for waste packages for the U.S. Yucca Mountain 2enln<nc rennsifnrv IQQIVbe reached, doing so would almost certainly be time-consuming, delaying
